Background and ObjectiveaaObstructive sleep apnea syndrome (OSAS) is considered to be closely related to systemic inflammation. Resistin levels have been demonstrated to be a measure of systemic inflammation. For children, salivary resistin (SR) sampling is an easy and pain-free method for sample collection and is optimal for multiple sampling. Therefore, we aimed to evaluate correlations among SR levels, objective polysomnography (PSG) parameters, and subjective sleep symptoms. MethodsaaFifty-six children who attended our clinic over 1 year were enrolled prospectively; these children underwent clinical evaluation, questionnaire studies, and PSG. SR was measured at 2 points: at night before PSG and in the early morning after PSG. resultsaaThe subjects (n = 56) were divided into the control [n = 23, apnea hypopnea index (AHI) < 1] and OSAS (n = 33, AHI ≥ 1) groups. SR levels after PSG in the OSAS and control groups were similarly higher than that before PSG. There was no significant difference in SR levels between the two groups and among the control and OSAS subgroups. SR levels in the OSAS subgroups were not related to AHI, tonsil size, AN (adenoid-nasopharyngeal) ratio, questionnaire results, lowest oxygen saturation, and oxygen desaturation index (ODI). ConclusionsaaSR levels had no significant correlation with AHI, scores of the Korean version of modified pediatric Epworth Sleepiness Scale, the lowest oxygen saturation, and ODI; SR levels exhibited diurnal variations regardless of the presence of OSAS. However, there is no consensus regarding the relationship between resistin levels and OSAS. Further studies should be pursued in the future.
INTRODUCTION
Pediatric obstructive sleep apnea syndrome (OSAS) is one of the most frequently diagnosed pediatric sleep disorders [1, 2] . OSAS is associated with neurocognitive impairment, behavioral problems, failure to thrive, hypertension, and cardiac dysfunction [3] . OSAS-related lowgrade systemic inflammation and increased oxidative stress are believed to underpin the development of these OSAS-related morbidities [1, 4] .
Resistin is cysteine-rich secretory protein and was initially described as an adipokine that increases insulin resistance. Resistin is associated with human obesity and has been recently identified as a novel important member of the cytokine family involved in the regulation of inflammation and is reported to have potent regulatory function. Adipocytes, circulating monocytes, and macrophages may be responsible for resistin production in humans [5, 6] . Although there have been some controversies regarding the pathophysiological mechanisms underlying OSAS in children, recent studies have showed correlations between fragmented sleep and an increase in oxidative stress mediators [6] [7] [8] . Intermittent episodes of hypoxia, along with reoxygenation, in OSAS patients might cause cell stress through the activation of a proinflammatory response [9] .
The human saliva mirrors the body's health and can be collected noninvasively. Moreover, saliva sampling does not require specialized skills and is suitable for large populationbased screening programs [10] . Thus, it can be said that sleepdisordered breathing (SDB) with high prevalence may be a good candidate for salivary markers. Recently, a few studies have reported that measurements of salivary cortisol and amylase in children might help identify those with high apnea hypopnea index (AHI) and prioritize the management of such children [11, 12] . Elevated circulating adipokine levels have been reported in adults and children with OSAS; furthermore, adipokines, such as adiponectin, leptin, resistin, and visfatin, can be detected in the saliva of healthy subjects [10] . Therefore, our hypothesis in this study is that salivary levels of adipokines such as resistin might be related to SDB and its severity, and thus, these salivary adipokines could be good diagnostic markers for SDB in children. To the best of our knowledge, to date, no data on saliva resistin (SR) levels in pediatric SDB have been reported. The aim of this study was to measure SR levels in newly diagnosed pediatric SDB patients and to find the correlation of SR levels with SDB and SDB severity.
METHODS

Study Design and Subjects
Between July 2013 and June 2015, 56 children (aged 3-13 years) with suspected OSAS visited the department of Otolaryngology-Head and Neck Surgery, St. Vincent's Hospital, Suwon, Republic of Korea and were enrolled in this study prospectively. Exclusion criteria were other causes of airway obstruction such as rhinitis, antrochoanal polyp, nasal polyposis, congenital anomaly with craniofacial abnormalities, neuromuscular dystrophies, and prior operation or diagnostic history of cardiac or airway disease.
In our previous studies [11] [12] [13] , we described the physical and radiological findings, polysomnography (PSG), and experimental methods for salivary markers for SDB. The study protocol was approved by the Institutional Review Board of the Catholic Medical Center Clinical Research Coordinating Center, and informed consent was obtained from all participants at the time of enrolment. The steps and procedures applied in this study have been described in our previous studies and can be briefly described as follows.
All children underwent a complete physical examination. The size of each tonsil was measured as the sum of each subjective tonsil size scale [11] by one doctor because some subjects might have asymmetric tonsillar sizes. To evaluate adenoid size, we measured the adenoidal-nasopharyngeal (AN) ratio in the lateral neck radiograph or cephalometry according to Fujioka et al. [14] method. Parents of all children completed the Korean version of modified pediatric Epworth Sleepiness Scale (KMPESS). Fully attended-PSG was performed, and all measured parameters were scored initially by a certified technician and then reviewed by a doctor. The collection of the saliva in the enrolled children was performed two times: before PSG and after PSG. The study protocol was reviewed and approved by the Ethics Committee for Clinical Studies of St. Vincent's Hospital, the Catholic University of Korea (VC14TISI0016).
Measurement of Salivary Resistin
Saliva samples were collected in special tubes around 10:00 pm prior to PSG and at 7:00 the next morning after PSG (within 30 minutes of waking up). Whole unstimulated saliva was collected by tilting the head forward, allowing the saliva to pool on the floor of the mouth, and then passing the saliva through a short straw into a polypropylene vial. Then, the samples were refrigerated within 30 minutes and frozen at or below -20°C within 4 hours after collection. On the day of assay, they were thawed completely, vortexed, and centrifuged at 1500 × g (3000 rpm) for 15 minutes. Samples were kept at room temperature before adding to the assay plate. All samples were assayed in duplicate for SR using a highly sensitive enzyme immunoassay (EK-028-36, Phoenix Pharmaceuticals Inc., Burlingame, CA, USA).
Statistics
All statistical tests were conducted using the Statistical Package for the Social Sciences (SPSS Inc., Chicago, IL, USA). The Shapiro-Wilk test was performed to assess the normality of the data before further analysis. Quantitative variables in the case (AHI ≥ 1) and control (AHI < 1) groups were compared using the t-test or Wilcoxon rank-sum test. Pearson's or Spearman's correlations were applied to determine the relationship of the SR measurements with parameters of PSG and subjective symptoms (from the questionnaire). A p value < 0.05 was considered to indicate statistical significance.
RESULTS
The subjects (n = 56) were divided into control (n = 23, AHI < 1) and OSAS (n = 33, AHI ≥ 1) groups. The demographic data and PSG findings are presented in Table 1 . The OSAS group (n = 33) was subdivided into three groups: mild (n = 15, 45.4%; 1 ≤ AHI < 5), moderate (n = 6, 18.1%; 5 ≤ AHI < 10), and severe (n = 12, 36.5%; AHI ≥ 10) OSAS.
The OSAS group included 26 males (78.7%) and 7 females (21.3%), which had more males compared with the control group [13 males (56.5%), 10 females (43.5%)]. There was no significant difference in age between the two groups (p = 0.933).
The tonsil size was significantly (p = 0.002) greater in the OSAS group (6.52 ± 0.90 vs. 5.57 ± 1.23). There was no significant difference in the AN ratio between the two groups (p = 0.732). The AHI and oxygen desaturation index (ODI) in the OSAS group were significantly higher than in the controls, and there was no significant difference in the KMPESS between the two groups (p = 0.646).
The levels of SR after PSG in both OSAS and control groups were higher than those before PSG, but there was no significant difference between the two groups for each level of SR before and after PSG, the subtraction of SRs, and ratio of SRs between before and after PSG (Table 1) .
Moreover, there was no significant difference between the control group and the three OSAS severity subgroups for each level of SR before and after PSG, the subtraction of SRs, and ratio of SRs between before and after PSG. Additionally, in comparison with the control group and each OSAS severity group, the salivary parameters of each OSAS subgroup were not significantly different compared with those of the controls ( Table 2) . The tonsil size and the AN ratio in OSAS groups did not show any correlation with the SR parameters (Table 3) , and the SR parameters were not related to the KMPESS, the lowest oxygen saturation, and ODI in the OSAS group (Table 4 and 5) .
DISCUSSION
OSA is caused by upper airway collapse during sleep, which results in chronic intermittent hypoxia and sleep fragmentation [15] . Recent studies have reported that fragmented sleep might be correlated with an increase in oxidative stress mediators and that the intermittent hypoxia by repeated breathing cessation also causes oxidative stress with the production of reactive oxygen species (ROS) [5] . The increased levels of ROS by abnormal sleep-related oxidative stress might cause systemic inflammation, which might result in the production of adipokines. Therefore, OSA can be considered to be closely related to systemic inflammation [16] .
Resistin, an adipocyte-derived cytokine (adipokine), may contribute to the development of obesity, insulin resistance, and metabolic syndrome. Recently, many studies have reported the association between adipokines and OSAS, as well as between resistin and systemic inflammation. Yamamoto et al. [17] demonstrated that OSA patients had higher levels of serum resistin than controls and that resistin was increased depending on OSA severity. Zycari et al. [5] also reported a significantly higher level of resistin in patients with snoring compared to the control group. These results indicate that OSA is independently associated with resistin, possibly mediating systemic inflammatory processes [17] . Based on previous results, it could be suggested that the markers for systemic inflammation and oxidative stress, such as resistin, play a significant role in the identification of children with SDB.
Currently, saliva testing has gained more popularity in the clinical assessment of hormonal perturbations, detection of HIV antibodies, DNA analysis, alcohol screening, and drug testing because saliva sampling is a non-invasive and relatively stressfree diagnostic alternative to blood sampling. SR is not affected by eating activity and correlated with serum resistin levels at any time point of the oral glucose tolerance test, which suggests the potential diagnostic value of saliva in health screening and risk stratification studies, particularly in the pediatric population [18] .
Although most studies involving SR used individual samples obtained at one time point, the level of resistin mRNA showed a circadian rhythm during a 24-h study period [19] . Additionally, the changes during sleep may be partly related to circadian factors, as the central and peripheral circadian clocks have been linked to both whole-body and organ-specific energy metabolism [15] . Considering the aforementioned observations, to explore the effect of SDB on SR during night, time of salivary sampling is an important factor as SR levels changed significantly during the 24-h study period [15] . In this study, we measured the SR levels at night before sleep (baseline result before sleep) and early morning after waking (result affected by events during sleep) at 2 time points. Although the results could not sufficiently reflect the diurnal pattern of SR during the 24-h period, it could reflect the effect of SDB on SR secretion during sleep. Moreover, in this study, ratios of SR were used to reduce individual differences.
However, contrary to our expectation, no significant differences were observed in each level of SR before and after PSG, the subtraction of SR, and the ratio of SR before and after PSG between the SDB and control groups and among the control group and three OSAS severity subgroups. Our results were different from those of previous studies showing that resistin production could be enhanced by hypoxic stress during sleep, possibly mediating systemic inflammatory processes [5, 17] . Notably, similar discrepancy was observed in previous studies to show a contradictory (significant or non-significant) association of serum and SR levels with either body mass index or insulin sensitivity. They also elaborated on the possible reasons for discrepancy, such as the sample size in each study, different hormonal determination methods, and lack of adjustment to the effect of additional variables, which could explain the discrepancy of our results with those of previous studies [10, 20] .
However, several studies have reported results different from those in the aforementioned papers. Tauman et al. [21] reported no significant differences in resistin levels as a function of AHI, unlike other adipokine such as adiponectin and leptin. Ursavas et al. [6] also showed that no significant difference was noted in the levels of leptin, adiponectin, and resistin in the OSAS group compared with the control group and that no significant correlation was observed among leptin, adiponectin, resistin, and any polysomnographic parameters. These results show a contradictory association between resistin and OSAS in previous studies and could support the clinical significance of our results for SR in pediatric SDB.
To the best of our knowledge, this study is the first to evaluate the relationship between SDB and SR in pediatric subjects. However, the study has some limitations; all factors affecting pediatric sleep apnea were not completely controlled, although they had a prospective nature. There were normal and snoring subjects in the control group, which might be heterogeneous and subjects of 2 groups were not appropriately sex-matched. Some PSG parameters, such as periodic limb movement index, were not used in this study. Although the current study suggested that SR has no correlation with AHI, KMPESS, the lowest oxygen saturation, and ODI, considering the discrepancy from some previous studies, further studies must be conducted.
The saliva sampling was easy, noninvasive, and pain-free method and suitable for multiple sampling, especially in children. This study with the SR showed that SR had no significant relationship with OSA related parameters like AHI, KMPESS, the lowest oxygen saturation, and ODI. However, considering inconsistency between resistin and OSAS, further studies should be conducted.
